Value-Stream mapping (VSM) is a helpful tool to identify waste and improvement areas. It has emerged as a preferred way to support and implement the lean approach. While lean principles are well-established and have broad applicability in manufacturing, their extension to information technology is still limited. Based on a case study approach, this paper presents the implementation of VSM in an IT firm as a lean IT improvement initiative. It involves mapping the current activities of the firm and identifying opportunities for improvement. After several interviews with employees who are currently involved in the process, current state map is prepared to describe the existing problem areas. Future state map is prepared to show the proposed improvement action plans. The achievements of VSM implementation are reduction in lead time, cycle time and resources. Our finding indicates that, with the new process change, total lead time can be reduced from 20 days to 3 days -92% reduction in overall lead time for database provisioning process.
INTRODUCTION
In today's highly competitive business environment, information technology (IT) plays a critical role in supporting business functions and satisfying business requirements. Effective and efficient IT management has the potential to transform business as well as positively impact on a company's performance (Iden, 2012) . As business requirements constantly change, the business function expects IT to streamline IT service provision to improve time-to-market responsiveness. Furthermore, firms are performing continuous IT process re-engineering initiatives to reduce complexity and cost while providing high quality of services, control, and availability (Attaran, 2004) .
Lean IT is an approach for creating cost-effective, agile and flexible IT process management (Bell and Orzen, 2010) . Lean principles were originally developed to improve quality and reduce cost in manufacturing. Later, Lean tools were used to improve quality and reduce costs of services. In Lean IT, the thinking has evolved into a robust approach for optimizing IT service provisioning and IT-enabled business processes by improving quality, eliminating waste, shortening lead times and reducing cost. Lean IT principles have gained significant attention as a viable option to address the challenges of enabling and sustaining the continuous IT process improvement. According to McKinsey & Company, applying Lean IT principles can increase application development and maintenance productivity by as much as 40% while improving the quality and speed of execution (Kindler et al., 2007) . Among various Lean IT tools, Value-Stream mapping (VSM) is a helpful tool to identify waste and improvement areas. VSM is a standardized way of documenting the process steps and flow of work items, and then applying a systematic way to analyze these processes in order to develop an improvement plan (Ali et al., 2016; Chen et al., 2012; Damelio, 1996; Tapping and Shuker, 2003) . The visualization and quantification of the process flow makes it easier to identify waste and other constraints on value chain. VSM has emerged as a preferred way to support and implement the lean approach (Grewal, 2008; Serrano et al., 2008; Seth and Gupta, 2005; Tortorella et al., 2016; Tyagi et al., 2015) . This paper describes the implementation of VSM in an IT firm as a lean IT improvement initiative. While VSM is well-established and has broad applicability in manufacturing, little consideration has been given in service areas such as healthcare and banking, least of all in information technology (Bonaccorsi et al., 2011; Machado and Leitner, 2010; Piercy and Rich, 2009; Snyder et al., 2005; Wang and Chen, 2010) . We apply VSM for improving IT process management to achieve operational efficiency such as reducing project delivery time, time-to-market or eliminating non-value added steps. A case study conducted at ABC Company is presented. ABC is a leading firm in information technology services. However, the company faces several challenges in delivering IT services such as database provisioning. Due to process inefficiency, it creates a high number of project escalations which cause more costs to the company. We discuss the company's current process flows and identify bottlenecks. Based on the analysis, we also provide recommendations and present future state map (to-be-process).
VALUE-STREAM MAPPING: AN OVERVIEW
Value Stream Mapping (VSM) is a standardized way of documenting (mapping) processes and information/material flows as they are, and applying a systematic way to analyze these processes in order to identify various waste and target specific areas for improvement (Ciarapica et al., 2016; Damelio, 1996; Kuipera et al., 2016; Rother and Shook, 1998; Tapping and Shuker, 2003) . This visual representation facilitates the process of lean implementation by identifying value-adding steps in a value stream and eliminating non-value-adding steps or waste (Grewal, 2008) . VSM was originally developed to focus on the analysis and improvement of disconnected flow lines in manufacturing environments (Rother and Shook, 1998) , but it has emerged as the preferred way to support and implement the lean approach for all industries. VSM enables a company to see the entire process in both its current and desired future (lean) state, and identify and eliminate waste, thereby streamlining work processes, cutting lead times, reducing costs and increasing quality (Abuthakeer et al., 2010; Ballard and Howel, 1994; Jasti et al., 2014; Rother and Shook, 1998; Tabanli and Ertay, 2013) .
The first step to implement VSM is to draw a current state map. The value stream map of current process is created and identifies different kinds of value-added as well as non-value-added activities in this stage. The current state map is typically drawn by a cross-functional, multi-disciplined team to document how things actually operate ("asis" process). The next step is to develop a future state map ("as should be"). In order to do so, the current state map should be analyzed first. The team needs to identify gaps or improvement areas (e.g. large inventories, long lead/cycle time), and provide rationale as to how and why these activities identified are non-value-added. Based on the gap areas found, the team proposes what must change in the process, methods, and organization. Then, the future state map is developed to design a lean process flow through the elimination of non-value-added activities and through process improvements. The last step is to analyze the results after implementing the proposed changes. This has to be quantified in terms of lead time reduction, cycle time reduction, inventory reduction, etc. In addition, the team needs to develop a change plan that provides action steps needed to support the proposed changes. The steps in the implementation of VSM are shown in Figure 1 . 
RESEARCH METHODOLOGY: CASE STUDY
Since the objective of this study is to describe how VSM can be implemented within a real-life context, a case study was used. According to Yin (2002) , the case study method is well suited when a contemporary event is examined within its real-life context and when the researcher has little or no capability of manipulating the event. In addition, it is pertinent when research addresses a "how" question (McCutcheon and Meredith, 1993) .
Case Description
ABC is a leading firm in information technology services. It had 315,000 employees and its revenue was approximately $138 billion in 2015. The company has comprehensive product portfolios which include hardware products, software solutions, and IT services to large enterprises, small and medium business and individual customers. The firm's business operations have been organized in seven different functions: Enterprise Services, Enterprise Storage and Servers, Personal System Groups, Software, Imaging and Printing Group, Financial services, and Technological Solution Group.
ABC has its own huge internal IT infrastructure setups and data centers to support IT needs for different business units. They are managed by a large unit which is called "ABC IT". ABC IT consists of several departments. Some departments provide IT support and services to business units (e.g. enterprise system, personal system, technological solutions). Other departments are responsible for other IT functions such as storage support, network service or database support that provide services across all vertical business units.
Data Collection
Since this is a study of IT processes, unlike the manufacturing industry, we do not have any physical shop floors to walk through and do a visual study. For the data collection, engineers and IT managers across different geographical regions are involved. They work with each other in virtual environment and through virtual meetings. Only physical infrastructure which will get implemented is going to be located in one of the US data centers, and every involved team will be accessing remotely over the network. Below are the geographic locations from where teams of engineers and managers have been interviewed.
We conducted multiple virtual interviews with the detailed demand review (DDR) team located only in United States. Also, database infrastructure build team, database operation team, database build engineers and database SMEs (subject matter experts) were interviewed from Singapore (on-site interview), Malaysia, Mexico and United States. A total of 22 employees were interviewed for this study. More specifically, they were asked to give a walkthrough, step by step process, and/or activities "what do they do during the database build activity?" A paper and pencil was used to make a rough map as the engineers are going through various activities. Collected information and rough process or activity steps recorded during the interviews were reviewed with other engineers and build managers using the virtual room sharing, and ensured the quality of the collected data. This data collection process was repeated with some of the old build engineers who now has moved to different projects and with current build engineers. The current state of processes was also discussed with senior managers to gather their management view and requirements which helped us to finalize an "expected/ideal goal". Once all involved personnel was interviewed, we moved to the next stage where "current state" process map of various activities were created.
CASE STUDY: IMPROVING DATABASE PROVISIONING PROCESS TO
MEET BUSINESS DEMANDS 4.1.
Step 1: Problem definition ABC IT faces several challenges in delivering IT services. One of the bottlenecks in delivery of IT services is the database support and service process in Global Database Administration (GDBA) department. GDBA department is responsible for delivering all kinds of back-end database infrastructure needs and maintaining database operations. As business demands have been constantly changing, the current database server provisioning process is no longer suitable to meet the level of requirements.
Furthermore, the process inefficiency has led to even higher number of project escalations, causing more costs to the company. Databases and servers are the backbone of application deployments or enterprise services, so timely delivery of these services plays an important role in business. It becomes necessary to review the current database provisioning processes and evaluate against new demands and forecasting.
4.2.
Step 2: Preparation of Current State Map Figure 2 illustrates the overall database build and delivery process. In three-phase process below, each phase also has its own set of sub-processes. We present more details of each phase in the following. Upon receiving a business request for database(s), GDBA Detail Demand Review (DDR) team meets with a business manager to identify database infrastructure requirements in details 1 . Planning process is mostly standardized in a way that DDR team manually goes through a set of pre-defined questionnaires to get requirements from the business manager. Various aspects of infrastructure requirement such as demand feasibility, availability of engineers, standard, hardware, and configuration are reviewed. Once DDR team and the business manager come to an agreement, the request for change (RFC) of database allocation and configuration is submitted. If the RFC is approved by different managers involved, final requirements are locked down and the work order is sent to the build team (however, if the request from business units is infeasible, it will go back to the business manager for repeated review). Figure 3 provides a detail view of planning phase and its value-added and non-value-added time for each activity. The completion time of each activity varies, so we used an average time based upon information collected during the interview process. In the planning phase, we estimated 130 minutes of value-added activity time and 20 days of non-valueadded time. 
Phase 2 -Execution
This is the process which takes the inputs from approved work order for actual database implementation. The execution process is mainly related to technical work done by engineers. The assigned engineers verify the type of database needs to be created and identify the hardware for installation. Once the type of database and hardware is confirmed, UNIX team starts configuring the new hardware as per standard, and the build team works on software installation and database creation. Lastly, database backup request is submitted, and backup team sets up appropriate backup infrastructure and database backup. Figure 4 shows the detail activities involved in the execution process and their timelines. In the execution phase, we estimated 505 minutes of value-added activity time and 8 days of non-value-added time. 
Phase 3 -Quality Assurance and Handover
Once the database creation is completed, a quality assurance and handover process will start. This process is iterative in nature and goes for several rounds of standard quality checks and corrections between databases engineers and MTP (MoveTo-Production) team. This iteration is mainly because of differences in standard check parameters that each team has. Each team follows their own manual check list to ensure the quality of new database. Once this phase is cleared, the database will be handed over to MTP team and go live. Figure 5 illustrates the detail activities involved in the quality control and handover process and their timelines. In the quality control and handover phase, we estimated 120 minutes of value-added activity time and 3 days of non-valueadded time. Step 3: Analysis of current state map and formulation of lean process strategies Table 1 provides a summary of value-added and non-value-added time. The analysis of current state map reveals that non-value-added time accounts for almost 97% of total database delivery time. While some delays may be inevitable, it is surprising that significant portion of delivery time is actually spent on waiting or non-value-added activities. A major bottleneck in the current process is the planning phase where its waiting time contribution is 64.5% of the total database delivery time. There are several problems identified in the planning phase. First of all, the planning phase is a purely manual process that DDR team manually goes through a set of pre-defined questionnaires to get requirements. Even after the final requirements are confirmed, it has to go through the manual RFC approval processes by different managers which take an average of 20 days. Figure 6 provides the detail work flow and problems in the planning phase. The problems during the execution phase are that any changes should have a minimum of 5 days of implementation window after RFC approval due to RFC process guideline. It means that there are 5 days of turnaround time before UNIX team can even start configuring a new hardware. We also find that the database backup configuration is an internal process of Backup team which has a lead time of 3 days. However, this can be automated and incorporated during the database build process to improve the current processing time. Lastly, the problem identified in quality assurance and handover process is that, due to the lack of quality check standard, each team has its own local checklist and they manually go through the lists. Another problem is while the build team conducts an initial quality check, MTP team also runs a separate quality check before the acknowledgement of quality assurance. This repeat verification and manual re-check process accounts non-valueadded time of 3 days. Table 2 summarizes the non-value-added time in different phases.
We also calculated "TAKT" time. TAKT time is used to synchronize the pace of production with pace of sales. It is calculated by dividing net time available with total demand (Buzby et al., 2002; Grewal, 2008) . Based on the company's recent scorecard, we identified that the annual demand for database is approximately 1,030. And we calculated the net time available for build per year is 58,800 hours (considering 52 weeks per year * 5 working days per week * 24 hours * 10 engineers).
TAKT time = 58,800 / 1,030 = 57.1 per hour (2.4 days)
This number implies that GDBA team has to produce one completed database in every 2.4 days to meet the company's annual database demand. However, with the current process, it takes almost 32 days to complete one work order which is a significant problem. 
4.4.
Step 4: Creation of future state (Lean) map
The analysis of current state map was shared with senior managers to obtain their views and suggestions. This helps us to identify requirements and finalize an expected (target) goal. Based on the gap areas identified, several changes were proposed.
 Automation of the planning phase including RFC approvals to minimize human resource dependencies (delays)  Create an automated script for backup specification which can be incorporated in the execution process. This will benefit both teams by reducing the work in backup engineers and by reducing the waiting time for build team during the execution process  Design a unified QA standard to streamline the quality check and handover process. Make the quality check results available on the internal IT website or SharePoint. At the same time improve the technical build scripts and processes as per the required standard to get the product right at first time only
Based upon the proposed changes, we prepared a future state (lean) map for each phase.
Phase 1 -Planning
As shown in Figure 7 , we propose a new system that automates the entire planning process. Once the business manager fills out an online request form, the request notification is sent to DDR team, and the team verifies different demand review specifications without setting up a meeting. As mentioned earlier, it even takes 15 days for the business manager to schedule a meeting with DDR team. Another benefit of new system is that the business manager can submit multiple requests online, and these DDR requests flow in the system simultaneously.
After the demand specifications are reviewed by DDR team, RFC approval request mail will be sent to different managers involved. The system automatically obtains approvals by providing required information in a single mail or documents attached. This new process reduces the waiting time of planning phase significantly as "getting RFC approval and follow-up" takes the longest waiting time. Figure 8 illustrate the automation of planning phase as future state map. While the process itself does not change in this phase, we expect that the total lead time spent can be reduced from 20.09 days to 2.07 days by replacing the current manual process with the automated system. 
Phase 2 -Execution
During the interview process, we found that, due to RFC process guideline, any changes should have a minimum of 5 days implementation window after RFC approval. That's the reason why Unix team has 5 days of turnaround time before they starts configuring the new hardware. In the future state map, we reverse the current standard so that 5 days implementation window can be removed.
Another process change is to create an automated script for backup configuration. Database backup configuration is an internal process of Backup team which has a lead time of 3 days. However, this can be automated and incorporated during the database build process. This not only benefits backup engineers by reducing the workload, but also helps the build team to avoid the backup team dependency. With the proposed process changes in the execution phase, we expect that the total lead time can be reduced from 8.35 days to 7.4 hours (445 minutes). 
Phase 3 -Quality Assurance and Handover
The problem identified in quality assurance and handover process is that, due to the lack of quality check standard, each team has its own local checklist and they manually go through the lists. Another issue is while the build team conducts an initial quality check, MTP team also runs a separate quality check before the acknowledgement of quality assurance.
To improve the current process, we design a unified QA standard to streamline the quality check and handover process. We interviewed various teams to gather all checklist parameters that need to be evaluated during QA. We found that 99% of lists are technical issues, so it can be scripted and deployed with the build script. What it means that as soon as the build process is finished, it runs the quality check script and uploads the results to the common SharePoint and/or website for reference and review.
The unified QA standard has an additional benefit. Build engineers are the ones who run the build automation script to evaluate software installed and database creation.
Since they know what quality check parameters are used during QA process, this will help engineers to build the right database at first place. With the proposed process changes in the QA and handover phase (shown in Figure 10 ), we expect that the total lead time can be reduced from 8.08 days to 1.3 hours (80 minutes). 
DISCUSSION AND CONCLUSION
One of the challenges that ABC faces is the database provisioning process. The analysis of current state map reveals that current database delivery lead time is almost 32 days, and 97% of total database delivery time is actually spent on waiting or nonvalue-added activities. We found that the current process must be improved so that GDBA team can produce one completed database within 3 days to meet the company's annual demand. Future state map was prepared after proposing several changes in the process to reduce different wastes. The planning phase including RFC approval process is automated to minimize human delays. The automated script for backup specification is built to reduce the workloads of backup engineers and the build team. And the unified QA standard is designed to streamline the quality check and handover process With these new process changes, there is 89.7% reduction in lead time at planning phase, 96.2% reduction at execution phase, and almost 98% reduction at QA and handover process. Collectively, there is 92.2% reduction in overall lead time for GDBA database provision process (shown in table below). Using the lean system and techniques, GDBA department can meets its expected database delivery within 3 days. This provides a powerful base for the database demand management. This article presents a case study of IT process re-engineering initiative. The case study shows that Lean IT can be a useful approach for optimizing IT service provisioning and IT-enabled business processes by improving quality, eliminating waste, shortening lead times and reducing cost. In addition, the case study demonstrates that VSM is a useful lean IT tool to document current process flows in order to identify bottlenecks for improvement. We applied VSM for improving database provisioning process to reduce project delivery time. Based on the current flow analysis, we provided recommendations and presented future state map. Observations and findings from this study can be useful to practitioners for motivating their efforts to implement VSM and supporting the continuous improvement of IT processes.
For instance, one interesting observation during the interview process was that current state process map the build engineers constructed was quite different from the existing process architecture (determined by senior IT managers). While project demand and requirements constantly change, the build engineers were not allowed to modify/skip the existing processes. This, in fact, caused longer delivery time and required additional resources. The build team was always being in fire-fighting mode and under the pressure of meeting delivery deadline which also reduces the quality of project. This finding was presented to senior management, and we recommended that it does not have to follow the pre-defined process cycle, but needs to customize the process to achieve the faster delivery of project. This change would enable the build team to move away from the project-based delivery structure to more appropriate 'capability' based structure to collect the requirement and to deliver projects.
Our study has several limitations which creates scope for future research. In this paper, only one case study is considered in the single IT department. Further validation is therefore required across both multiple IT departments and also more broadly across different IT functions before we can fully support the lean approach in these contexts. This paper provides useful exploratory evidence on lean IT improvement initiative but further research is needed to support our findings. Furthermore, the interviews and documents have only involved staff who were actively involved in the process. No doubt there would be opposite views both from different IT staff and users. To extend this research and gain a broader view, interviews with a wider range of stakeholders can be conducted.
